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1. INTRODUCTION

A problem that frequently arises in experimental studies is determining if the variance of a response
variable for one population is greater than the variance of the same response variable for some second
population. A sample quéstion might be, "Based on the sample data, is the variation in tensile strength
for Steel Lot A greater than the tensile strength variation of Steel Lot B?" The researcher must base his
assessment on data collected from random samples from each population. Intuitively, it stands to reason
that a correct decision is more likely to be made if the researcher is allowed to collect more data.
Therefore, the probability of finding a true difference in population variances increases as one allows the
sizes of the random samples to increase. This probability may be quantified if one assumes to know the

true population variances. However, such an a priori evaluation of the experiment is not usually

“conducted.

This document is intended to be a reference manual for the power of the F test, a statistical procedure
used to test whether or not one population variance is greater than another. The power of the test equals
the probability of inferring from the sample data that one population variance is less than another. It is
hoped that the enclosed tables will help test designers to choose appropriate sample sizes for studies in

which population variances are to be compared.
2. STATISTICAL HYPOTHESIS TESTING

Determining if one population variance, 612, is greater than another population variance, 022, is an

example of a statistical hypothesis test. In order to conduct such a test, a null hypothesis is postulated.

The null hypothesis is an equivalence relationship involving the parameter(s) of interest which the
experimenter tries to gather evidence against, and it is denoted by H,. In our case, the null hypothesis
is Hy: 612 = 022. What we are looking to find in the data is conclusive evidence to support the claim
that 0'12 > 622. This relationship is called the alternative hypothesis, and it is denoted by H,. Alternative
hypotheses may be either two-sided, for example 012 #* 622, or they may be one-sided, as is the case with
our problem. The choice of a one- or two-sided alternative hypothesis depends upon the researcher’s prior

beliefs concerning his parameter(s) of interest.

Because of the randomness associated with any experimental data, H, may be true and yet the

observed data lead us to believe that H, is true. In this case we have made an error, known as a Type 1




error, in our inference. The probability of a Type I error is referred to as the significance level of the test

and is denoted by the Greek letter "o.”

Likewise, the alternative hypothesis may be true; however, the data we collect might not be conclusive
enough for us to infer so. In this instance, we fail to reject H, and make the other possible inferential
error, which is known as a Type II error. The probability of a Type II error is denoted by the expression
"(1 - B)." The term B is known as the power of the test, and it represents the probability of rejecting the

null hypothesis in favor of the alternative hypothesis—a correct decision if H, is true!

Naturally, one would like to minimize the chance of making either a Type I or Type II error. By
attempting to minimize (1 — B), we also try to maximize the power of the test. Table 1 provides a

summary of the previous discussion.

Table 1. Possible Outcomes in Statistical Hypothesis Testing

"The truth"

HO: 012 = 622 Ha: 0'22 < 012

correct decision, made
reject Hy in Type I error, made with probability B
Conclusion favor of H, with probability « (power)

based on the L.
data correct decision, Type II error, made

collected accept Hj made with with probability
probability (1 - @) (1 - B)

3. THE F RATIO

When the response variable is assumed to be normally distributed (or approximately normally
distributed), the F ratio is a test statistic used to determine if one population variance, 012, is significantly
greater than another population variance, 022. Developed by R. A. Fischer at the beginning of the century,
this is the most frequently used test statistic for comparing sample variances. The formula for the F ratio -
is given by F = 5, / 5,7, where each s is the sample variance of the observations {x;;} G =1,2,...n)

coming from a normal population with variance c,-z. The sample variance formula is




n;
T (x: - X;)?
2 _ j:l lj 3

s — .
! (n;-1)

The F ratio is a random variable having an F distribution with v; = n; - 1 numerator degrees of freedom
and v, = n, — 1 denominator degrees of freedom. If F exceeds some critical value, F, then we conclude
that the variance of the first population is greater than the variance of the second population. F is that
value having an area of « to its right under the F distribution curve; that is

F[(VI. +Vy)2] (v, Vifz MO P
TV,2)T(V,/2) | v, P11+ vy /Vz)X](vl T2

Preferably, the analyst selects o prior to the evaluation of the test statistic. Typical values of o range
from 0.001 to 0.250 depending upon what the researcher considers "acceptable” risk for a Type I error.
Once o is chosen, F is determined by iteratively solving the aforementioned equation or referring to

tables of the F distribution found in many statistical textbooks.

Holding v, and v, constant, o. and F are negatively correlated; that is, increasing o causes F to
decrease, and vice versa. However, choosing a significance level that is too small has adverse
consequences. While decreasing the significance level does give better protection against a Type I error,
it reduces the power of the test by making rejection of H, more difficult when H, is true. Thus, the
significance level and the power of the test are positively correlated. The challenge to the analyst is to
select a critical value, F, such that the significance level is low enough to afford adequate protection
against a Type I error and the power is high enough to detect differences between 012 and 022.

For fixed values of n,, n,, and a, the power depends only upon the value of the proportion o, / ©;.
Letting 6, / 6; = k, we see that




B = Pr(rejecting H, when H, is true)

( 2
1
=Pr _2 >FC
K
(2
( 2,2 2
s;/0;  1/o;
=Pr 7 5 3 c
\
( 2
)
=Pr|X> —2Fc
0,

= Pr(X >k Fg),

where the random variable X has an F distribution with v; numerator degrees of freedom and v,

denominator degrees of freedom.

4. POWER TABLES

The Appendix of this report consists of power tables for the test of hypothesis Hy: 012 = 022 Vs.

H, 012 > 022 , for the following values of @, , v;, and v,.

1) o (significance level): 0.01, 0.05, 0.10, and 0.25;

2) k (proportion ©, / 6,): 0.30 to 0.60, in increments of 0.10; and 0.70 to 0.95, in increments of
0.05;

3) v, (numerator degrees of freedom): 5 to 8, in increments of 1; 10 to 20, in increments of 2; and

25 to 100, in increments of S;

4) v, (denominator degrees of freedom): same values as v;.




Each set of facing pages corresponds to a specific value of o and &, found at the top of each table.
Each row of a table corresponds to v, while each column corresponds to v,. Table entries are the power
of the one-sided F test calculated to three decimal places. Table entries were calculated using the
SuperCalc5 spreadsheet and the following approximations to the F distribution.” In each case, X is a
random variable having an F distribution with v, numerator degrees of freedom and v, denominator

degrees of freedom.

Case 1 gvl even):

v, ) Vo(Vy + 2) (

2 = (vy _ _ 4\2
Pr(X > k*F;) = ¢ 2/2) 1+_2_(1 o) + — 1-0f + ..+

VZ(Vz + 2) .. (Vz + Vl - 4)

2:4+.. vy - 2) (1 _ ¢)(V1 -2)/2
where
0= —2
Vy +Vk“F
Case 2 (v, even):
Prx> i Fy=1- -9 1o B WD e,

2 24
Vl(Vl + 2) .- (Vl + V2 - 4) (v2 -2)/2 .
24V, - 2) ’

Case 3 (both v, and v, odd):

Pr(X > k?Fo) = 1-A-B,

* Abramowitz, M., and I. A. Stegun. Handbook of Mathematical Functions, 6th printing, National Bureau of Standards,
U.S. Department of Commerce, Washington, DC, 1967.




where

24-.°(v, -3 -
} 3 0 + sinO|cos0 + icos39 .+ ¥ )f'osv2 29 , for vy, > 1
A={T= 3 35 (V5 — 2)
20

-, forv, =1,
- 2

Vs + 1 Vo + DDV, + 3
2 m&e+(2 Xva )ﬁ4

sin0cos'20 |1 + n'e + .. +
3-5

Vo + 1DV +3)(Vy +V, - 4 -
vy + Dy +3)Vy + vy = 4) _ v, *0f, forv, > 1;

350V - 2)
0, forv, =1,
and
v
0= arctan | — k2 Fe
V2
5. EXAMPLE

As an example of how to use the tables, consider an aerodynamics engineer who has made design
modifications to a projectile. He believes that these changes can reduce the round-to-round dispersion by
25% and plans to fire 15 rounds of "old" ammunition and 15 rounds of the modified ammunition to test

his conjecture. Because the modifications are inexpensive, he is willing to accept a 10% risk of




concluding that the round-to-round dispersion does decrease with his modification, even if there is no
difference. If he is to use an F test to analyze his data, what is the power of the test for an actual 25%
reduction in dispersion?

The significance level of the test is his probability of wrongfully concluding that the dispersions differ
when they are equal, which we are told will be accepted as 10%; so a = 0.10. Letting the first sample
consist of "old" ammunition and the second sample consist of modified ammunition, the degrees of
freedom are v; = 14 and v, = 14. If the actual reduction in dispersion is believed to 25%, then k =
G, / 6; =0.75. Using the tables on pages 58 and 59 headed by o = 0.10 and 6, / 6; = 0.75, we see that
for v, = 14 and v, = 14, the power of the one-sided F test is 0.406.

If the engineer is dissatisfied with this value, he may increase the power of the test by either
increasing alpha or increasing the sample sizes. Suppose now that the engineer wants the power of the
test to be approximately 0.60 without changing the significance level. If he agrees to fire 31 rounds of

the old ammunition, how many rounds of modified ammunition should be fired?

Referring to the same table (o = 0.10, &k = 0.75), we see that for v, = 30, a power of approximately
0.60 is obtained when v, = 30. Therefore, he should fire 31 rounds of the modified ammunition to
achieve the desired power.
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a= .01

6,/6, = .60
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a= _01

6,/6, = .50
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vy a = ,05

40 45 50 S5 60 65 70 75 80 85 90 95 100 6,/06, = .85
0.096 | 0.096 | 0.096 | 0.096 | 0.096 | 0.096 | 0.096 | 0.096 | 0.096 | 0.097 | 0.097 | 0.097 | 0.097 5
0.104 } 0.105 § 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0.105 | 0,105 | 0.105 6
0.112} 0,113 } 0.113 | 0.113 } 0.113 | 0.113 | 0.113 | 0.114 | 0.114 | 0.114 | 0.114 | 0.114 | 0.114 7
0.120) 0.120 § 0,121 | 0.121 } 0.121 j 0.121 | 0.122 | 0.122 | 0.122 | 0.122 | 0.122 | 0.122 } 0.122 8

0.134] 0.135 | 0.136 | 0.136 | 0.136 | 0.137 | 0,137 | 0,137 | 0.138 | 0.138 { 0.138 | 0.138 | 0.138 10

0.148 | 0.149 | 0.149 | 0.150 § 0,151 | 0.151 | 0.152 | 0.152 | 0.152 | 0,153 | 0.153 | 0.153 | 0.154 12

0.160) 0.161 | 0.163 | 0.163 § 0.164 | 0.165 | 0.166 | 0.166 | 0.167 | 0.167 | 0.168 | 0.168 | 0.168 14

0.17110.173 | 0.175 ] 0.176 § ¢.177 | 0.178 | 0,179 | 0.180 | 0.180 | 0.181 | 0.181 | 0,182 § 0.182 16

0.182} 0.184 } 0.186 | 0.188 | 0,189 | 0.190 | 0.192 | 0,193 } 0.193 | 0.194 | 0,195 | 0.195 | 0.196 18

0.192 | 0.195 | 0.197 [ 0.199 | 0.201 | 0.202 | 0.204 | 0.205 | 0.206 | 0.207 | 0.208 | 0.208 | 0.209 20

0.214 | 0.218 | 0.222 | 0.225 | 0.227 | 0.229 | 0.231 | 0.233 | 0.235 | 0.236 | 0.237 | 0.239 | 0.240 25

0.233 ]| 0.238 | 0.243 | 0.247 | 0.250 | 0.253 | 0.256 | 0.258 | 0.261 | 0.263 | 0.265 | 0.266 | 0.268 30

0.249| 0.256 | 0.262 | 0.266 | 0.271 | 0.275 | 0.278 | 0.281 | 0.284 | 0.287 } 0.289 | 0.291 | 0.293 35

V2
0.264 | 0.271 | 0.278 { 0.284 | 0.289 | 0,294 | 0.298 | 0.302 | 0.305 ] 0.308 | 0.311 | 0.314 | 0.317 40

0.276 } 0.285 | 0.293 § 0,299 | 0.305 | 0.311 | 0.316 | 0.320 | 0.325 | 0.328 | 0.332 | 0.335 | 0.338 45

0.287 § 0,297 | 0.306 | 0,313 | 0.320 | 0.326 | 0.332 | 0,337 | 0.342 | 0.346 | 0.350 | 0,354 | 0,358 50

0.297} 0.308 | 0.317 { 0.326 | 0.333 | 0.340 | 0.347 | 0.353 | 0.358 | 0.363 | 0.368 | 0.372 | 0.376 55

0.305| 0.317 | 0.328 | 0.337 | 0.346 | 0.353 | 0.360 | 0.367 | 0.373 | 0.378 | 0.383 | 0.388 | 0.392 60

0.3131 0.326 | 0.337 | 0.347 } 0.357 | 0.365 | 0.373 | 0.380 | 0.386 | 0.392 | 0.398 | 0.403 | 0.408 65

0.320 | 0.334 | 0.346 | 0.357 | 0.367 § 0.376 | 0.384 | 0.392 | 0.399 | 0.405 | 0.411 | 0.417 j 0.422 70

0.327] 0.341 | 0.354 | 0.365 } 0.376 | 6.385 ] 0.394 | 0.402 | 0.410 |} 0.417 | 0.424 | 0.430 | 0.435 75

0.333} 0.348 | 0.361 | 0.373 | 0.384 } 0.394 | 0.404 } 0.413 | 0.42]1 | 0.428 | 0.435 | 0.441 | 0.448 80

0.338| 0.354 | 0.368 | 0.380 | 0.392 | 0.403 | 0.413 | 0.422 | 0.430 | 0.438 | 0.446 | 0.453 | 0.459 85

0.343] 0.359 ] 0.374 | 0.387 | 0.399 | 0.411 | 0.421 | 0.431 ] 0.440 | 0.448 | 0.456 | 0.463 | 0.470 80

0.348 | 0.364 | 0,379 | 0.393 | 0.406 | 0.418 | 0.429 | 0.439 | 0.448 | 0.457 | 0.465 | 0.473 | 0.480 95

0.352| 0.369 | 0.385 | 0.399 | 0.412 | 0.424 | 0.436 | 0.446 | 0.456 } 0.465 | 0.474 | 0.482 | 0.489 100

35




36







38




39




40




“ | v

a= .05

6,/6;, = .70
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6,/0, = .60

V2

10

12

16

8]

20

25

30

35

S 0.264| 0.271 | 0.277 | 0.282 | 0.289 | 0.294 | 0.298 | 0.302 | 0.304 | 0.306 | 0.310 | 0.313 | 0.315
6 0.295]| 0.306 | 0.315 | 0.322 | 0.333 | 0.341 | 0.347 } 0.352 | 0.356 | 0.360 | 0.366 | 0.370 | 0.374
7 0.321| 0.335 ] 0.346 | 0.356 | 0.371 | 0.382 §{ 0.390 | 0.397 | 0.403 | 0.408 | 0.417 | 0.424 | 0.429
8 0.343] 0.360 | 0.374 | 0.385 | 0.404 | 0.418 | 0.429 | 0.438 | 0.445 | 0,452 | 0.464 | 0.473 | 0.479
10 0.377]| 0.398 | 0.416 | 0.432 | 0.457 | 0.477 | 0.493 | 0.505 | 0.516 | 0.525 } 0.543 | 0.556 | 0,566
12 0.401 ]| 0.427 | 0.449 | 0.467 | 0.498 | 0,523 | 0.542 | 0.559 | 0.572 | 0.584 | 0.607 | 0.623 } 0.636
14 0.420]| 0.449 | 0.474 | 0.495 | 0.530 | 0.558 | 0.581 | 0.601 | 0.617 | 0.630 { 0.657 | 0.677 | 0.692
16 0.435] 0.466 | 0.493 | 0.517 | 0.556 | 0.587 | 0.613 | 0.634 | 0.652 | 0.668 | 0.698 | 0.720 | 0.737
18 0.447) 0.480 | 0.509 | 0.534 | 0.577 | 0.611 } 0.638 | 0.662 | 0.681 | 0.698 | 0.731 | 0.755 | 0.773
20 0.456| 0.491 | 0.522 | 0.549 | 0.594 | 0.630 | 0.660 | 0.684 { 0,705 | 0.723 | 0.758 | 0.783 | 0.803
25 0.474) 0.513 | 0.546 | 0.576 | 0.626 | 0.666 | 0.699 | 0.726 | 0.749 | 0.769 | 0.807 | 0.834 | 0.855
30 0.486} 0.527 | 0.563 | 0.595 | 0.648 | 0.691 | 0.726 | 0.755 | 0.779 | 0.800 | 0.839 | 0.867 | 0.888
35 0.495]| 0.538 | 0.575 | 0.608 | 0.664 | 0.709 § 0.745 | 0.775 | 0.800 | 0.822 | 0.862 | 0.890 | 0.910
40 0.502} 0.546 { 0.585 1 0.619 | 0.676 | 0.722 | 0.760 } 0.791 | 0.816 | 0.838 | 0.878 | 0.906 | 0.925
45 0.507} 0.552 { 0.592 } 0.627 | 0.686 | 0.733 | 0.771 | 0.803 | 0.829 | 0.850 | 0.891 | 0.918 | 0.936
50 0.512} 0.557 | 0.598 | 0,633 | 0.693 | 0.741 { 0.780 | 0,812 | 0.838 | 0.860 | 0.900 | 0.927 | 0.945
55 0.515) 0.562 | 0.603 | 0.639 | 0.700 | 0,748 | 0.788 | 0.820 | 0.846 | 0.868 | 0.908 | 0.934 | 0,951
60 0.518 | 0.565 | 0.607 { 0.643 | 0.705 | 0.754 | 0.794 | 0.826 | 0.853 | 0.875 | 0.914 | 0.940 | 0.956
65 0.521| 0.568 | 0.610 | 0.647 | 0.709 | 0.759 | 0.799 | 0.832 | 0.858 | 0.880 | 0.919 | 0.944 | 0.960
70 0.5234 0.571 | 0.613 | 0.650 | 0.713 } 0.763 | 0.804 } 0.836 | 0.863 | 0.885 | 0.923 | 0.948 | 0.964
75 0.525} 0.573 | 0.616 | 0.653 | 0.717 | 0.767 | 0.808 | 0.840 | 0.867 { 0.888 | 0.927 | 0.951 | 0.966
80 0.526| 0.575 | 0.618 ) 0.656 § 0.719 | 0.770 | 0.811 | 0.844 | 0.870 | 0.892 | 0.930 | 0.954 | 0.969
85 0.528| 0.577 | 0.620 } 0.658 | 0.722 | 0.773 | 0.814 | 0.847 | 0.873 | 0.895 | 0.933 | 0.956 | 0.971
90 0.529] 0.578 | 0.622 | 0.660 | 0.724 | 0.776 | 0.817 | 0.849 | 0.876 | 0.897 | 0.935 | 0.958 | 0.972
95 0.530 | 0.580 0.623 | 0.662 | 0.726 | 0.778 | 0.819 | 0.852 | 0.878 | 0.900 } 0.937 | 0.960 | 0.974
100 0.531] 0.581 | 0.625 | 0.663 | 0.728 | 0.780 | 0.821 | 0.854 | 0.880 | 0.902 | 0.939 | 0.962 | 0.975

42




Vi

o= _05

6,/0; = .60
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a= .10

G,/0, = .75
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v, a = .25

40 45 S0 55 60 65 70 75 80 85 90 95 100 0,/6; = .95
0.293] 0.293 | 0.293 | 0.293 | 0.293 | 0.293 | 0,293 | 0.294 | 0.294 | 0.294 1 0,294 | 0.294 | 0,294 5
0.298 1 0.298 | 0,298 | 0.298 | 0.299 | 0.299 | 0.299 | 0.299 | 0.299 | 0,299 | 0.299 | 0.299 | 0.299 6
0.302} 0.303 | 0,303 | 0.303 | 0.303 | 0.303 } 0.303 | 0.304 | 0.304 | 0.304 | 0.304 | 0.304 | 0.304 7
0.306 | 0,307 | 0,307 ] 0.307 | 0.307 | 0,308 | 0.308 | 0.308 | 0,308 | 0.308 | 0.308 | 0.308 { 0.308 8
0.313} 0.314} 0.314 | 0.315 | 0.315 | 0,315} 0.316 | 0.316 | 0.316 | 0.316 | 0.316 | 0.316 | 0.317 10
0.319) 0,320 | 0.321 | 0.321 | 0,322 | 0,322 } 0.322 | 0,323 | 0.323 | 0,323 | 0.323 | 0.324 | 0.324 12
0.325] 0.326 | 0.326 | 0.327 | 0.328 | 0.328 | 0,329 | 0.329 | 0.329 | 0.330 | 0.330 ] 0.330 | 0.330 14
0.329)10.331 40,332 |0.332 0,333 |0,334] 0,334 ]| 0.335] 0.335| 0.335 | 0.336 | 0.336 | 0.336 16
0.334| 0.335 6.336 0.337 | 0.338 | 0.339 | 0.339 | 0.340 { 0.340 | 0.341 | 0.341 | 0.341 { 0.342 18
0.337] 0,339 | 0.340 } 0.341 | 0.342 ] 0.343 | 0.344 | 0.344 § 0.345 | 0.345 | 0.346 | 0.346 | 0.347 20
0.346 | 0.348 | 0,349 | 0.351 | 0.352 | 0.353 | 0.354 | 0.355 | 0.356 | 0.356 | 0.357 | 0.357 | 0.358 25
0.352 ] 0.355 ]| 0.357 | 0.358 | 0.360 | 0.361 | 0.362 | 0.364 | 0.365 | 0.365 | 0.366 | 0.367 | 0.368 30
0.358 ) 0.360 | 0.363 | 0.365 | 0.367 | 0.368 { 0.370 | 0.371 ] 0.372 | 0.373 | 0.374 | 0.375 0.3'.16 35
0.362) 0.365 | 0.368 | 0.370 | 0.373 | 0,374 ]} 0.376 | 0.378 | 0.379 | 0.380 | 0.381 | 0.383 | 0.384 40

V2
0.366 | 0.370 | 0.373 | 0.375 ]| 0.378 | 0.380 | 0.382 | 0.384 | 0.385 | 0.387 | 0.388 | 0.389 | 0.390 45
0.3704 0,373 | 0.377 | 0.380 | 0.382 | 0,385 | 0,387 | 0.389 | 0.391 | 0.392 | 0,394 | 0.395 | 0.396 50
0.373§ 0.377 | 0.380 | 0.384 | 0.386 | 0.389 | 0.391 | 0.393 | 0.395 ] 0.397 | 0.399 | 0.400 | 0.402 S5
0.375) 0.380 | 0.383 | 0.387 | 0.390 ] 0.393 | 0,395 | 0.398 | 0.400 | 0,402 | 0.403 | 0.405 | 0.407 60
0.378 | 0.382 | 0.386 | 0,390 | 0.393 | 0.396 | 0.399 | 0.402 | 0.404 | 0.406 | 0.408 | 0.410 | 0.411 65
0.380f 0.385 | 0.389 | 0.393 | 0.396 | 0.399 | 0.402 | 0.405 | 0.407 | 0.410 { 0.412 | 0.414 | 0.415 70
0.3821 0.387 | 0.391 | 0,395 | 0.399 | 0.402 | 0.405 | 0.408 | 0.411 | 0.413 | 0.415 | 0.417 | 0.419 75
0.383] 0.389 | 0.393 | 0.398 | 0.402 | 0.405 0.408 0.411 | 0,414 § 0.416 | 0.419 | 0.421 | 0.423 80
0.385}| 0.390 { 0.395 | 0.400 | 0.404 | 0.407 | 0.411 | 0.414 | 0.417 § 0.419 | 0.422 | 0.424 | 0.426 85
0.386} 0,392 | 0.397 § 0.402 | 0.406 | 0.410 | 0.413 | 0.416 | 0.419 } 0,422 | 0.425 | 0.427 | 0.430 90
0.388 | 0.394 | 0.399 | 0.404 | 0.408 | 0.412 | 0.415 | 0.419 | 0.422 } 0.425 | 0.428 | 0.430 | 0.432 95
0.389]| 0.395 | 0.400 | 0.405 | 0.410 | 0.414 | 0.418 | 0.421 | 0.424 | 0.427 | 0.430 { 0.433 | 0.435 100
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V2

5 0.325] 0.328 | 0.330 § 0.331 | 0.334 | 0.335 | 0.337 | 0.338 | 0.339 | 0.339 | 0.341 | 0.342 | 0.342
6 0.330f 0.334 | 0,336 | 0.338 | 0.341 | 0.344 | 0.346 | 0.347 | 0.348 | 0.349 | 0.351 | 0.352 | 0.353
7 0.335] 0.338 | 0.341 | 0.344 | 0.348 | 0.351 | 0.353 ] 0.355 | 0.356 | 0.358 | 0.360 | 0.362 | 0.363
8 0.338) 0.342 | 0.346 | 0.349 | 0.354 | 0.357 | 0.360 | 0.362 | 0.364 | 0.365 } 0.368 | 0.370 | 0,371
10 0.343] 0.349 1 0.353 } 0.357 | 0.363 | 0.367 | 0.371 | 0.373 | 0.376 | 0.378 | 0.382 | 0.385 } 0.387
12 0.347) 0.353 1 0.358 | 0.363 | 0,369 § 0.375 | 0.379 { 0.383 | 0.386 | 0.388 | 0.393 | 0.397 | 0.400
14 0.350| 0.357 | 0.362 | 0.367 | 0.375 | 0.381 | 0.386 | 0.390 | 0.394 | 0.397 | 0.403 | 0.408 | 0.411
16 0.353| 0.360 | 0.366 | 0.371 | 0.380 | 0.387 | 0.392 | 0.397 | 0.401 | 0.405 | 0.412 | 0.417 | 0.421
18 0.355] 0.362 | 0.369 § 0.374 | 0.383 | 0.391 | 0.397 | 0.403 | 0.407 | 0.411 | 0.419 | 0.425°| 0.430
20 0.356| 0.364 | 0.371 | 0.377 | 0.387 } 0.395 | 0.402 | 0.407 | 0.412 | 0.417 } 0.425 | 0.432 | 0,437
25 0.359] 0.368 | 0.375 | 0.382 | 0.393 | 0.402 | 0.410 | 0.417 | 0.423 | 0.428 | 0.439 | 0.447 | 0.454
30 0.361| 0.370 } 0.378 { 0.385 | 0.398 | 0.408 | 0.417 | 0.424 } 0.431 | 0.437 | 0.449 | 0.459 | 0.467
35 0.363| 0.372 { 0.381 | 0.388 | 0.401 | 0.412 | 0.421 | 0.430 | 0.437 | 0.444 | 0.458 | 0.469 | 0.478
40 0.364| 0.374 | 0.382 | 0.390 | 0.404 | 0.415 | 0.425 | 0.434 | 0.442 | 0.449 | 0.464 | 0.476 | 0.486
45 0.365] 0.375 | 0.384 | 0.392 | 0.406 | 0.418 | 0.429 | 0.438 | 0.446 | 0.454 | 0.470 | 0.483 | 0.494
S0 0.366} 0.376 { 0.385 | 0,393 | 0.408 } 0.420 | 0,431 | 0.441 | 0.450 | 0.458 | 0.475 | 0.489 | 0,500
S5 0.366| 0.377 | 0.386 | 0.394 } 0.409 | 0,422 ] 0.433 | 0.444 | 0.453 | 0.461 | 0.479 | 0.494 | 0.506
60 0.367] 0.377 | 0.387 | 0.395 | 0.410 | 0.424 | 0.435 | 0,446 | 0.455 | 0.464 | 0.482 | 0.498 | 0,511
65 0.367} 0.378 | 0.387 | 0.396 | 0.412 | 0.425 | 0.437 | 0.448 | 0.457 | 0.466 | 0.486 | 0.502 | 0.515
70 0.368( 0.378 | 0.388 | 0.397 | 0.413 | 0.426 | 0.438 | 0.449 | 0.459 | 0.468 | 0.488 | 0.505 | 0.519
75 0.368] 0.379 ] 0.388 | 0,397 | 0.413 | 0.427 | 0.440 § 0.451 | 0.461 | 0.470 | 0.491 | 0.508 | 0,523
80 0.368| 0.379 § 0.389 | 0.398 | 0.414 | 0.428 | 0.441 | 0.452 | 0.463 | 0.472 § 0.493 § 0.511 | 0.526
85 0.368] 0.379 | 0.389 | 0.398 } 0.415 | 0.429 | 0.442 | 0.453 | 0.464 | 0.474 | 0.495 | 0.513 | 0.528
90 0.369] 0.380 | 0.390 | 0.399 | 0.415 | 0.430 § 0.443 | 0.454 | 0.465 | 0.475 | 0.497 | 0.515 | 0.531
95 0.369) 0.380 | 0.390 | 0.399 | 0.416 | 0.430 | 0.444 | 0.455 | 0.466 | 0.476 | 0.498 | 0.517 | 0.533
100 0.369| 0.380 | 0.390 | 0.400 | 0.416 | 0.431 | 0.444 | 0.456 | 0.467 | 0.477 | 0.500 | 0.519 } 0.535
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|| - e
| 40 45 S50 55 60 65 70 75 80 85 90 95 100 g,/6, = .30
1.000]| 1.000 | 1.000 | 1,000 | 1.000{ 1.000 | 1,000 | 1,000} 1.000 ] 1,000 ] 1.000 | 1.000 | 1.000 5
1,000} 1.000 | 1.000 | 21,000 | 1.000 | 1.000 | 1.000 } 1,000 )] 1,000 { 1.000 | 1.000 { 1.000 | 1.000 6
1.000]| 1.000 | 1.000 | 1.000 | 1,000 | 1.000 | 1.000 §{ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 } 1,000 7
1.000| 1.000 | 1,000 {1,000 | 1,000 | 1,000 } 1,000 } 1,000 | 1.000 } 1.000 | 1,000 | 1,000 | 1.000 8
1.0001} 1.000,f 1,000 | 1,000 | 1.000 | 1.000 | 1.000 |} 1.000 | 1.000 { 1,000 { 1.000 § 1.000 | 1.000 10
1.000{ 1.000 } 1.000 | 1,000 | 1.000 | 1.000 | 1,000 | 1.000 | 1.000 } 1.000 | 1.000 | 1.000 | 1.000 12
1.000¢1.000 ] 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 14
1,000} 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 { 1.000 | 1.000 } 1.000 | 1.000 | 1.000 | 1.000 16
1.000}1.000 ¢ 1,000 | 1.000 | 1,000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 18
1.000| 1.000 | 1.000 | 1.000 } 1.000 | 1,000 | 1,000 | 1.000 | 1,000 | 1.000 | 1.000 | 1,000 | 1.000 20
1.000] 1.000 | 1.000 | 1,000 | 1,000 | 1,000 | 1,000 } 1.000 | 1.000 | 1.000 | 1,000 | 1.000 | 1.000 25
1.000)11.000 | 1.000 J 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1,000 | 1,000 | 1.000 | 1.000 | 1.000 30
1.000§1.000 | 1,000 §{ 1.000 |.1.000 | 1.000 | 1.000 } 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 35
V2
1.000]| 1.000 | 1.000 { 1.000 | 1,000 | 1,000 | 1.000 { 1.000 | 1,000 | 1.000 | 1.000 | 1.000 | 1.000 40
1.000]| 1.000 ] 1.000 §{ 1,000 | 1.000 | 1.000 | 1,000 § 1.000 | 1,000 | 1.000 | 1,000 { 1.000 | 1.000 45
1.000) 1,000 |} 1,000} 1,000 | 1,000 | 1.000 | 1.000 |} 1,000 | 1,000 | 1,000 | 1.000 | 1,000 | 1,000 S0
1.000| 1.000 § 1.000 | 1,000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1,000 | 1.000 | 1.000 55
1.000] 1.000 | 1.000 | 1.000 | 1,000 | 1.000 | 1,000 § 1.000 | 1.000 | 1.000 | 1.000 { 1.000 | 1.000 60
1.0004{ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.00C §{ 21.000 | 1,000 { 1,000 | 1.000 | 1.000 }{ 1.000 65
1.000]1.000 | 1,000 | 1.000{ 1.000 | 1,000 | 1,000 { 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 70
1.000] 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 } 1.000 | 1.000 { 1.000 | 1.000 | 1.000 | 1.000 75
1.000})1.000 | 1.000 | 1,000 { 1,000 | 1.000 | 1,000 } 1,000 | 1,000 { 1,000 | 1.000 | 1.000 | 1.000 80
1,000 1,000 | 1.000 | 1.000 } 1.000 | 1,000 | 1,000} 1,000} 1,000} 1.000 | 1,000} 1,000 | 1.000 8S
1,000} 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 §j 1.000 | 1.000 } 1.000 | 1.000 | 1.000 | 1.000 90
1.000} 1.000 | 1.000 | 1.000 | 1,000 | 1.000 | 1.000 } 1.000 | 1.000 | 1,000 | 1.000 | 1.000 | 1.000 95
1.000{ 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1,000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 100
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